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This communication records and discusses the spontaneous incidence 
of  mammary  tumors  in  yellow  and  non-yellow  mice.  The  animals 
comprise the first hybrid  (F1)  and  second hybrid  (F2)  generations  de- 
rived  from a  cross  between  two inbred  strains.  The  emphasis is pri- 
marily physiological.  The genetic interpretation  of  the  results  is  re- 
served for later publication. 
Material 
The two parental strains are as follows: 
1.  Dilute Brown.--This strain has been closely inbred since 1909.  It has been 
used for many genetic experiments.  Papers dealing  with  its  tumor-producing 
characteristics  and  general  physiology  of  reproduction  have  been  published 
by Murray (1927, 1928, 1934).  The strain is characterized by a high incidence of 
mammary tumors which are either adenomas or adenocarcinomas.  Sarcomas or 
tumors of other organs than the mammary gland are relatively very infrequent. 
The strain is homozygous for color and differs from the wild house mouse by three 
recessive Menddian factors. 
a'  =  non-agouti or self color. 
b  r  =  brown rather than black pigmentation. 
d  b =  blue dilution. 
2.  Yellows (Dunn's Derivative of Brooke's English  Stock).--These mice are less 
inbred than the foregoing stock.  They have, however, been carried on by brother- 
to-sister mating for approximately 7 years.  Like all yellows  they are heterozy- 
gous for the factor A  y which  produces yellow  coat color and which  is an allelo- 
morph in the agouti series.  They are also heterozygous for the factor for black 
pigmentation B.  They are homozygous for the factor for density of pigmenta- 
tion D.  They are thus AYa'Bb~DD in  constitution. 1 
* A  brief preliminary note has been published by the writer and McPheters 
(1932). 
1 The behavior of the gene producing yellow coat color in mice is peculiar.  It 
has been described  by Castle and Little  (1910), Kirkham (1917), Little  (1919) 
and Danforth (1927). 
229 230  COAT COLOR AND  MAMMARY TUMORS IN  MICE 
An F1 generation produced by a  cross between these two races will consist of 
four types: 
AYa'BbrDd b  =  black-eyed yellows. 
AYa'brbrDd  b  =  brown-eyed yellows. 
a%~Bb~Dd  b  =  blacks. 
a%'b~b~Dd  b  =  browns. 
The yellows will appear in approximately equal numbers with the non-yenows. 
The blacks and browns and the black-eyed and brown-eyed yellows will in each 
case bear to one another a numerical relationship which will be determined by the 
animals picked by chance as representatives of the yellow strain to produce the 
Ft generation. 
The F2 generation was produced by four types of matings of F1 animals. 
1.  Yellow X yellow .....................  AYa'brbrDd  ×  AYaSb'brDd 
2. Yellow  ~  X brown o  ~ ................  AYaSb~b'Dd ×  a%~brb*Dd 
3.  Brown  ~  X yellow C ................  aSa~b*brDd  X AYaSbrb*Dd 
4. Brown X brown ......................  a'a'brb*Dd  X a%'b~b'Dd 
All animals carrying the gene B  for black pigmentation were discarded before 
Ft parents  to  produce the F~ generation were selected.  This was done to sim- 
plify  the  genetic situation and  to  reduce  the  number of  genetic combinations 
possible in Fz 
To summarize then, the material consists of virgin females produced as an 
(a) F1 generation in a  cross  of  dilute brown females  (from an inbred high 
cancer strain) and yellow males (from a  distinct  inbred  strain,  rela- 
tively low in mammary tumors and high in sarcomas); 
(b)  F~ generation from various types of matings of F1 animals from the above 
CROSS. 
All animals included in this study were produced from carefully controlled in- 
dividual matings.  All those included also lived longer than the earliest age at 
which a tumor appeared in their respective generations? 
The method by which individuals  are listed as being of cancer age is as follows: 
A  distribution of the animals with mammary tumors according to  their age at 
death  is made.  This distribution shows  a  minimum age  at  which death  of  a 
mouse with mammary tumor is recorded.  Any mouse dying before this age is 
excluded from the group on which a  study of the incidence of  cancer is based. 
This method is  entirely consistent with  that  used  for  calculating the  relative 
numbers of animals which are to be properly included in any recordable group. 
Thus in calculating the sex ratio of mice at birth the embryos that have died in 
utero cannot be included.  They have not reached the critical age at which the 
character under observation can be recorded.  Or again if we are recording the 
ratio of normal to hairless mice in a given generation none can be safely classified 
until they are over 3 weeks  old since it is at  that age  approximately  that the 
points of  distinction between hairless and normal animals first become notice- 
able.  The classification of tumor and non-tumor ca~nnot therefore be attempted 
before the mice reach an age at which it is possible physiologically  for the individual 
to be of either type. TABLE  I 
F1 Mammary Tumor 
Yellow  [  Non-yellow 
Mouse  Age at  Mouse  Age at  Diagnosis  No.  death  Diagnosis  No.  death 
days  days 
1966  732  Adenoearcinoma  1854  482  Adenoma 
2162  308  "  1858  517  Medullary  carcinoma-adenocar- 
2248  439  Adenoma  cinoma 
3412  268  "  1859  518  Cyst adenocarcinoma 
3455  647  Adenocarcinoma  1865  517  Adenocarcinoma 
3753  340  "  1866  530  " 
3762  404  "  2191  472  Papillary adenocarcinoma 
3764  404  Cyst adenocarclnoma  2535  392  Adenocarclnoma 
3982  404  Adenoma  2571  497  Adenoma-adenocarclnoma 
3983  466  "  in transition  2572  530  Adenoma 
3985  403  Adenocarcinoma  2591  418  Adenocarcinoma 
3986  355  "  2611  447  Cyst adenoma 
3988  433  Medullary carcinoma  3203  520  Medullary carcinoma 
4944  387  Adenocarcinoma  3204  551  Adenocarcinoma 
4945  381  Adenoma in transition  3206  670  Adenoma, precancerous 
4973  439  Adenoma-adenocarcinoma  3299  727  Cyst adenoma in transition 
5004  383  Adenocarcinoma  3380  457  Adenoma 
5082  267  "  3453  486  Adenocarcinoma 
5083  267  "  3457  453  " 
5288  538  Medullary carcinoma  3458  440  " 
5531  242  Adenocarcinoma  3473  713  Adenoma-adenocarcinoma 
5664  326  "  3756  781  Adenocarcinoma 
3765  467  Adenoma-adenocarcinoma 
3957  962  Cyst adenoma in transition 
3984  522  Adenoma-adenocarcinoma 
4110  421  Medullary carcinoma 
5003  383  Adenoma-adenocarcinoma 
5084  659  Adenocarcinoma 
5310  495  " 
5358  484  Adenoma-adenocarcinoma 
5467  576  Adenocarcinoma 
5468  485  " 
5532  412  " 
5533  412  Adenoma-adenocarcinoma 
5662  497  Adenoma 
6215  395  Adenoma-adenocarcinoma 
Mean.  Mean.  401.0  521.0 
TABLE  II 
F1 Miscellaneous Tumor 
Yellow  Non-yellow 
Diagnosis  Diagnosis  Mouse  ] Age at [ 
No___~.  death 
I  days  [ 
1970  I  315  [ 
2542  991  [ 
3298[  708  I 
4602  I  535  ] 
4603  I  416  I 
4646  I  867  I 
5002  [  547  [ 
88061842  / 
Moan.J  653.0J 
Hcmangloma 
Spindle  cell sarcoma, uterus and 
liver 
Neurofibrosarcoma 
Leukemic lymphosarcoma 
Lymphosarcoma 
Leukemic lymphosarcoma 
Lipoma 
Hemangioma cavernosum 
Mouse 
No. 
1802 
1804 
2185 
2189 
3484 
Mean 
Age at I 
I 
days  I 
881  [ 
1101  [ 
884  / 
/ 
892.0[ 
Liposarcoma infiltrating muscle 
Papillary carcinoma, lung 
Spindle  cell  carcinoma,  leg  and 
pancreas 
Fibrosarcoma 
Spindle cell sarcoma 
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TABLE  III 
F1 Non-Tumor 
Mouse No. 
1813 
1814 
1856 
1867 
1873 
1874 
1965 
1967 
2184 
2251 
2380 
2381 
2498 
2502 
2537 
2573 
2613 
3552 
3553 
3650 
3959 
4647 
4648 
4653 
4654 
5282 
6212 
Mean ........ 
Yellow 
Age at death 
days 
300 
469 
530 
465 
1055 
862 
649 
979 
869 
305 
301 
277 
1018 
272 
271 
392 
912 
1037 
891 
592 
402 
724 
716 
759 
794 
638 
574 
632.0 
Mouse No. 
1803 
1857 
2154 
2190 
2371 
2375 
2495 
2497 
2536 
3456 
3649 
3760 
5289 
5663 
Mean ...... 
Non-yellow 
TABLE  IV 
Age at death 
days 
792 
298 
288 
816 
768 
984 
1101 
811 
927 
1223 
520 
997 
913 
946 
813.0 
Color  of progeny 
Yellow ........... 
Non-yellow ....... 
Total ........... 
! 
I  Miseel-  Per cent  Per cent  Per cent 
Total  Mammary  laneous  No  with  with mis- 
tumor  mammary  cellaneous  with no 
No.  tumor  l  tumor  tumor  tumor  tumor 
57  22  8  27  38.6  14,0  47.4 
54  35  5  14  64.8  9.3  25.9 
111  57  13  41  51.4  11.7  36.9 
RESULTS 
F1  Generation 
There  were  111  virgin  female  F1  generation  mice  which  lived  to 
"tumor  age."  Of these  57  were yellow and  54  non-yeUow.  Of the × 
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yellows, 22 had mammary tumors, 8 had tumors of other types and 27 
had no tumor.  Of the non-yellows 35 had mammary tumors,  5 had 
tumors of other types and 14 had no tumors. 
Table  I  lists  those  mice  having  mammary  tumors  and  gives  the 
ledger number of the mouse; its age, in days, at death; and its diagnosis. 
Table II  gives the  same  data for non-mammary,  or miscellaneous 
tumor animals. 
TABLE  VII 
F2 Yellow  X  Yellow.  No Tumor 
Yellow 
Age at 
Mouse No.  death 
days 
839  423 
987  856 
1205  646 
1410  320 
1468  617 
1512  791 
1574  456 
1679  603 
1680  1224 
1885  708 
1987  451 
2059  727 
2351  426 
2397  718 
2806  648 
3587  365 
3812  417 
Dilute yellow  Brown 
Mouse No.  Age at  death 
days 
926  774 
1406  795 
1520  507 
1681  612 
1683  665 
1935  600 
2057  856 
2802  603 
3110  953 
3619  499 
4804  330 
Mouse No. 
1203 
1235 
1466 
1472 
1516 
1988 
1989 
2072 
2550 
3582 
3584 
Age 
deat 
day, 
809 
941 
322 
522 
554 
870 
797 
687 
545 
572 
686 
Dilute brown 
I  Age at  Mouse No.  death 
days 
986  395 
1199  644 
1470  724 
1515  629 
1576  973 
1990  765 
Table III gives the age at death and the ledger number of the non- 
tumor animals in the F1 generation. 
Table IV is a condensation  of information concerning the F1 genera- 
tion. 
F~ Generation 
The incidence of tumors in the F~ generation may next be considered. 
There are, as before stated, four types of F1 mating which were used to 
produce F, young.  These are as follows: 
(a)  Yellow  )<  yellow. 
(b)  Yellow  ~  X  non-yellow  o  ~. 
(c)  Non-yellow  ~  X  yellow  o  ~. 
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A  list of animals  from each of these matings  is given in Tables V  to 
XVI inclusive. 
TABLE  IX 
F~ Yellow  9  × Non-Yellow c~.  Miscellaneous  Tumor 
Yellow  Dilute yellow  Brown 
days 
2196  804  } 
Diagnosis  6  '~'~  Diagnosis  ~  6  '~ 
Id°ys I  I  Ida'[ 
1794"  728  Lymphosarcoma  ~ 8971 728  ~ 
2201  809  Liposarcoma  11789l  534  ] 
Diagnosis 
Liposarcoma  Lutein cell tumor, ovary 
Spindle cell sarcoma 
* See  also mammary  tumor. 
TABLE  X 
F2 Yellow  9  X  Non-Ydlow  ~.  No Tumor 
Yellow  Dilute yellow  Brown  [  Dilute brown 
Mouse No.  Age at 
death 
days 
522  757 
524  687 
841  487 
846  719 
865  762 
881  870 
884  367 
892  577 
1125  699 
1126  948 
2301  746 
2906  733 
3088  371 
3095  389 
3716  628 
4849  426 
4850  486 
r 
Mouse No.  Age at  Mouse No,  death 
days 
840  567 
901  573 
902  710 
992  725 
2067  781 
2095  820 
3243  388 
3712  771 
Age at 
[o.  death 
days 
520  519 
523  439 
843  1009 
860  672 
867  718 
882  514 
883  539 
886  656 
899  752 
2065  841 
2070  868 
2302  764 
2569  805 
3093  549 
3098  524 
3528  784 
4863  766 
Mouse No. 
868 
2197 
2203 
2481 
3087 
3246 
Age at 
death 
days 
935 
694 
430 
773 
431 
559 
Table V gives the distribution  of mammary tumors in the four color 
classes of virgin female F~ young obtained  in the (a), yellow ×  yellow 
series. 
Table VI does the  same for  miscellaneous tumors. 
Table VII gives the same data on non-tumor animals. 238  COAT  COLOR  AND  MAMMARY  TUMORS  IN  MICE 
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Mouse 1463 brown had both a mammary tumor (cyst adenoma) and 
a lymphosarcoma.  It is therefore  included in both Tables V and VI. 
TABLE  XII 
F2 Non-Yellow  9  X  Yellow  c~.  Miscellaneous  Tumor 
1279 
1332 
1501 
days 
666 
8O2 
724 
Yellow  Dilute yellow 
.4 
Diagnosis  ~ d  ~ 
days 
Lymphatic leukemia  4181  819 
Round cell sarcoma, 
ovaries  and  ovi- 
ducts 
Leukemic  lympho- 
sarcoma 
Adenoma, liver 
Diagnosis 
Adenoma, liver 
days 
683  738 
1113  705 
1118"  442 
1980  578 
2801  618 
Brown 
Diagnosis 
Round cell  sarcoma 
Choriocarcinoma, ovary 
Papilloma, vagina 
Leukemic lymphosarcoma 
Polyploid epithcliorna,  eye. 
lid 
1938  701 
*  See also mammary tumor. 
TABLE  XIII 
F2 Non-Yellow  9  X  Yellow  C.  No Tumor 
Yellow  Dilute yellow  Brown  Dilute brown 
Mouse No.  Age at 
death 
684 
952 
998 
1065 
1066 
1478 
1616 
1653 
1979 
2085 
3201 
3343 
3436 
3918 
4179 
4180 
4205 
4208 
4213 
4785 
Age at 
death 
days 
928 
456 
581 
705 
590 
761 
854 
677 
531 
441 
526 
437 
635 
587 
264 
841 
531 
799 
538 
481 
Mouse No.  Age at 
death 
days 
456  520 
680  543 
996  493 
1607  596 
1617  651 
1649  816 
1771  414 
1925  505 
1997  858 
2092  695 
2437  341 
4554  639 
A•e 
at  Mouse No.  eath 
!ays 
678  734 
872  695 
950  452 
951  527 
1282  791 
1483  560 
1484  657 
2383  872 
3101  954 
3103  423 
3106  666 
3143  672 
3345  328 
4184  559 
4557  587 
4786  845 
4787  840 
__M°use  No. I -- 
1937  I 
1999  1 
2386  I 
3496  I 
days 
846 
391 
827 
628 
Tables VIII to X  give the same  three  groups of  animals  obtained 
from matings of the (b) yellow  ~  X  non-yellow c~ type.  Mouse 1794 TABLE  XIV 
F2 Non-Yellow  X  Non-Yellow.  Mammary Tumor 
Mouse  Age at 
No.  death 
days 
482  499 
497  633 
504  686 
812  735 
813  370 
820  691 
821  528 
918  609 
1048  831 
1063  498 
1347  501 
1348  783 
1709  466 
1712  323 
1753  430 
1754  521 
2080  509 
2165  673 
2166  443 
2174  380 
2545  625 
Brown  Dilute brown 
Diagnosis  Mouse  No.  Diagnosis 
Medullary carcinoma 
Adenocarcinoma 
Medullary carcinoma 
Adenocarcinoma 
Adenoma 
Adenocarcinoma 
Medullary carcinoma 
Adenocarcinoma 
Adenoma 
Adenoma-adenocarcinoma 
Adenocarcinoma 
Adenoma 
Adenocarcinoma 
Cyst adenoma 
508 
1049 
1052 
1053 
1057 
1706 
1747 
1751 
2164 
2526 
3213 
4825 
Age at 
death 
days 
586 
881 
359 
604 
383 
537 
644 
585 
710 
610 
274 
478 
Adenoma 
Adenocarcinoma 
Adenoma 
Medullary adenocarcinoma 
Adenoma 
u 
Adenocarcinoma 
Adenoma in transition 
Adenoma 
Cyst adenocarcinoma 
Adenoma 
TABLE  XV 
F2 Non-Yellow  X  Non-Yellow.  Miscellaneous  Tumor 
Brown  Dilute brown 
Mouse  Age at  Diagnosis 
No.  __death 
days 
1059  630  Lymphosarcoma 
2167  I  636  Lipoma 
I 
Mouse  I  Age at  I  Diagnosis 
No.  d~alh 
I  days  l 
509  I  522  I  Spindle cell sarcoma 
1020  341  [  "  "  " 
2451  [  772  [  Liposareoma-adenoma,  ovary 
TABLE  XVI 
F2 Non-Yellow  ×  Non-Yellow-Non-Tumor 
Brown  Dilute brown 
Mouse No.  Age at death  Mouse No.  Age at death 
483 
822 
923 
1058 
1350 
1749 
2084 
2104 
2107 
2171 
2529 
2532 
2544 
2773 
2778 
3211 
3212 
3568 
days 
490 
713 
596 
992 
796 
390 
629 
576 
67O 
776 
404 
9O5 
854 
688 
675 
484 
529 
535 
511 
851 
917 
924 
1061 
1760 
2078 
2163 
2528 
2530 
3208 
3571 
5572 
4824 
days 
661 
642 
865 
670 
815 
430 
644 
681 
585 
397 
329 
557 
679 
715 
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F2 Generation 
Type of FI mating 
Yellow X  yellow 
Yellow  9  X  non-yellow C 
Non-yellow  9  X  yellow o  ~ 
Non-yellow X  non-yellow 
All F~ matings 
All F~ matings 
All F~ matings 
Color of progeny  ~  ~ 
I 
Yellow  38  18  3  1747.4  7.9!44.7 
Dilute yellow  18  4  3  11 22.2 16.7 51.1 
Brown  28  16"  2*  1157.1  7.1 39.3 
Dilute brown  11  2  3  618.2 27.3  54.5 
Total.  95  40  11  4542.1  11.~ 47.4 
Yellow  31  13  1  17 41.9  3.2 54.8 
Dilute yellow  11  2*  2 ~  8 18.2~18.2 72.7 
Brown  33  14  2  1742.4  6.151.5 
Dilute brown  14  8  0  657.1  0.042.9 
Total.  89  37  5  4841.6  5.653.9 
Yellow  39  15  4  2038.510.3 51.3 
Dilute yellow  19  6  1  12 31.5  5.3 63.2 
Brown  54  33*  5*  1761.1  9.331.5 
Dilute brown  13  9  0  469.2  0.030.8 
Total..  125  63  10  5350.4  8.042.4 
Brown  41  21  2  1851.2  4,943.9 
Dilute brown  29  12  3  14 41.4 10.3 48.3 
Total.  7(]  33  5  32  ~7.1  7.1 45.7 
Yellow  108  46  8  54~2.6  7,450.(] 
Dilute yellow  48  12"  6*  31  25.0 12.5 64.6 
Brown  15d  84]" 11]"  6353.8  7.140.4 
Dilute brown  67  31  6  3(] ~6.3  8.944.8 
Total.  379 173:~ 31:~ 178 ~5.6  8.247.C 
AUyellows  15~  58*  14"  8~ 37,2  9.(]54.~ 
Allnon-yellows  223115]"  17]"  93i51,6  7.641.7 
Total..  379  173  31  178, 
Allintense  264 130]" 19'  117 49.2  7.2 14.~ 
All dilute  115  43*  12'  61 37.4 10.4  53.( 
* One animal had both types of tumor. 
t  Two animals had both types of tumor. 
Three animals had both types of tumor. 
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dilute  yellow had both  an  adenoma of the mammary gland  and  a 
lymphosarcoma.  It is therefore included in both Tables VIII and IX. 
Tables XI to XIII list the animals obtained from matings of the (c) 
non-yellow  ~  X  yellow o  ~ type.  Mouse lll8 brown had a medullary 
adenocareinoma of the mammary  gland and a papilloma of the vagina. 
It is included in both Tables XI and XII. 
Similar data for matings of type (d)  non-yellow X  non-yellow are 
given in Tables XIV to XVI. 
The total of 379 virgin females of the F~ generation is presented in 
Table XVII. 
DISCUSSION 
The discussion of the results obtained naturally focusses on a  com- 
parison of certain groups of animals. 
One of these is the contrast between yellows and non-yellows.  In 
the F1 generation it was shown (Table IV) that 38.6 per cent of the yel- 
low animals developed mammary tumors while 64.8  per cent of the 
non-yellows did so.  This  difference is  4.1  times its  probable  error 
and is therefore almost certainly significant. 
Confirmatory evidence is given by the F2 generation.  Table XVII 
shows that 37.2  per cent of the  156 yellows grew mammary tumors 
while 51.6 per cent of the 223 non-yellows did so.  The difference in 
this case also happens to be 4.1  times its probable error. 
If the figures for the two generations are combined the percentages 
are as follows.  Yellows 37.6  per cent mammary tumor, non-yellows 
54.2 per cent mammary tumor.  The difference is 5.7 times its prob- 
able error. 
It may therefore be concluded that yellow mice are less likely than 
are non-yellows to grow mammary tumors. 
It is interesting to note that no such difference, between the two 
color types, is found when the incidence of tumors of types other than 
mammary is combined and is considered.  Here the two percentages 
are yellows 10.3,  non-yellows 7.9,  a  difference of only 2.4  per cent 
which is certainly not significant in the number of mice available.  It 
happens that the forty-four non-mammary tumors are equally divided 
between yellows and non-yellows. 
The reason for the difference in mammary tumor incidence between 
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be  definitely eliminated.  Among these is the possibility of genetic 
linkage.  Had the F2 generation alone showed a  higher incidence of 
mammary tumors in non-yellows, linkage might have been considered 
a  possible explanation.  Since,  however, the  F1  generation shows a 
difference of the same sort, linkage between non-yellow and high inci- 
dence of mammary tumors is out of the question.  Similarly there can 
be no question of sex linkage because the F1 generation was produced 
by crossing females of the high mammary tumor (dilute brown) strain 
with males from the yellow strain.  Thus the F~ females all carried 
the same x-chromosome combination and offer no grounds for expect- 
ing a  difference in tumor incidence such as was actually observed. 
There are certain physiological peculiarities which yellow mice ex- 
hibit to a greater extent and in a greater degree than do non-yellows. 
Among these characteristics may be mentioned a marked tendency to 
adiposity.  Danforth (1927)  has published an account of this  condi- 
tion and has shown that albino mice which possess the factor for yel- 
low Ay become adipose (as do actual yellows) even though they form 
no pigment.  This suggests, therefore,  that  mice with the  gene  Ay 
usually have  a  peculiar metabolism.  To  what  extent  the  type  of 
metabolism ordinarily found in yellow mice is restricted to mice pos- 
sessing the gene (Ay) for yellow is uncertain.  Adult weights in grams 
of 38 F~ virgin female non-yellows and 41 virgin F~ female yellows show 
a  distinctly higher average weight for the yellows with a distribution 
that is clearly different for the two color types.  There is some over- 
lapping.  What  effect, if any,  adiposity may have on the incidence 
of mammary tumors is worthy of further study. 
It is also true that yellow mice frequently show, in comparison with 
non-yellows of the same stock, an altered reproductive cycle and an 
increased incidence of sterility.  Exact data, however, on all of these 
metabolic differences still remain to be gathered. 
In this connection it is important to note the comparative age of 
tumor incidence in  yellows and non-yellows.  No  special effort has 
been made to establish in either case an exact date to which the inci- 
dence of cancer may be referred.  To make such an effort and to place 
on its outcome too great  reliance would be misleading.  In the ex- 
periment here  reported all mice with mammary tumors were killed 
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reached at strikingly different mean ages in yellows and non-yellows. 
The mean age for 22 F1 yellows is 401 days, for 33 F1 non-yellows 521 
days.  The mean age of 58  yellow F2 mammary tumor mice is 482 
days while that of 115 non-yellow mammary tumor mice is 564 days. 
The difference of 82 days is certainly suggestive of the fact that yellow 
mice reach tumor age and develop mammary tumors earlier  than do 
non-yellows of the same generation.  This holds for both the F1 and 
F~ generations.  The fact that  yellow mice  may develop mammary 
tumors earlier although significantly less frequently than non-yellows 
has a general bearing on the findings of Loeb and other early investiga- 
tors who observed that cancer incidence and cancer age were to some 
degree at least independent of one another.  Loeb (1921) has, however, 
stated that as a general thing strains  which have a  high incidence of 
mammary tumors tend also to have an earlier average age incidence 
of these tumors than do the  low tumor strains.  In  the  material in- 
cluded in  the present communication there is  an exception to  what 
Loeb believes to  be the general relationship between tumor age and 
tumor incidence. 
It is also interesting to record roughly the degree of malignancy in 
the mammary tumors of yellow and non-yellow mice in the F1 and F2 
generations.  This  is done  in Table XVIII. 
From Table XVIII it will be  seen that  there is no evidence that 
yellow mice develop less malignant types of  mammary tumors than 
do non-yellows.  The evidence is in fact somewhat in the other direction. 
Thus although yellow mice form significantly fewer mammary  tumors 
than do the non-yellows of similar generations, those that form tumors 
do so earlier and give rise to, if anything, more malignant neoplasms 
than do the non-yellow animals. 
There has  been,  therefore, a  decrease in  cancer incidence among 
yellow mice, but no signs of a weakening of the actual process of cancer 
formation itself. 
The most probable explanation for the observed facts would seem 
to be found in the general phyaiology of the yellow animals.  We know 
certain things about  yellow mice of this  stock.  In  both FI  and F, 
generations yellow non-tumor mice die at an average earlier age than 
do non-yellows.  The differences are  shown in Table XIX.  In each 
case the yellows die at a distinctly earlier age than do the non-yellows. C.  C.  LITTLE 
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}'1 yellow: 
F~ yellow: 
Total yellow: 
Ftnon-yeHow: 
F2 non-yellow: 
Total mammary  tumors ............... 
Adenoma ............................ 
Carcinomatous ....................... 
Mixed  (transition) .................... 
Total mammary  tumors ............... 
Adenoma ............................. 
Carcinomatous ....................... 
Mixed  (transition) .................... 
Adenoma ............................ 
Carcinomatous ....................... 
Mixed  (transition) .................... 
Total mammary  tumors ............... 
Adenoma ............................ 
Carcinomatous ....................... 
Mixed  (transition) .................... 
Total mammary  tumors ............... 
Adenoma ............................ 
Carcinomatous ....................... 
Mixed  (transition) .................... 
Total non-yellow: .................................... 
Adenoma ............................ 
Carcinomatous ....................... 
Mixed  (transition) .................... 
No.  Per cent 
22 
3 
16 
3 
58 
I1 
44 
3 
80 
14 
60 
6 
35 
5 
19 
11 
115 
36 
77 
2 
150 
41 
96 
13 
13.6 
72.7 
13.6 
19.0 
75.9 
5.1 
17.5 
75.0 
7.5 
14.3 
54.3 
31.4 
31.3 
66.9 
1.7 
27.3 
64.0 
8.7 
TABLE  XIX 
Non-tumor mice  Mean age at death 
FI yellow ..................................................................... 
non-yellow ................................................................. 
Fz yellow ..................................................................... 
non-yellow  ................................................................. 
Combined  F1 and F~ yellow ..................................................... 
non-yellow ................................................. 
days 
632.0 
813.0 
622.0 
660.0 
624.0 
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Although the total number of animals in each case is not large the 
difference is about 3.2 times its probable error.  This coupled with its 
consistency in both generations suggests very definitely that there is a 
significant difference in length of life between yellow, and non-yellow, 
non-tumor-bearing animals.  This considered along with the fact that 
yellows form their mammary tumors at a distinctly earlier age, tends 
to support the idea that yellow mice pass through the periods of life 
preceding senility at a more rapid rate than do their non-yellow rela- 
tives.  This would account for the observed difference in mean age of 
incidence of mammary tumors in  yellow and non-yellow mice.  It 
would also explain the shorter life span of yellows in that we might 
expect the total duration of life to show the effect of the premature 
aging of the yellows during their reproductive cycle.  A more rapid 
aging of this type would also give the impression of greater sterility. 
Yellow mice, in breeding pens with non-yellows would, by hypothesis, 
reach the end of their reproductive cycle at  an  earlier absolute age 
than that of the non-yellows. 
The complete breeding cycles of 25 non-yellow females whose mates 
were yellow males may be compared with those of 31 yellow females 
mated with non-yellow males.  In each case both parents are taken 
from the inbred yellow stock used as one of the races which were crossed 
together in this experiment. 
The yellow females produced a total of 396 young of which 104 or 
26.2 per cent died before weaning.  The non-yellow females gave a total 
of 350 young of which 24.0 per cent died before weaning.  Lactation 
in the yellows and non-yellows therefore appears to be approximately 
equally effective.  The yellow females produced on the average 2.5 
litters apiece, the non-yellows 2.7.  This is a  slight excess of repro- 
ductive activity on the part of the non-yellows.  There is another fact 
that bears upon the relative reproductive activity of the two types. 
The average span of parturitive activity in the non-yellows is 117 days 
and in the yellows 105  days.  We may conclude, therefore, that in 
general the absolute  duration and intensity of parturitive activity is 
essentially similar in the two groups although non-yellows have a slight 
advantage. 
The mean litter size for yellow females is 5.01 young and for non- 
yellows 5.15 young.  This tends to show, along with the average num- C.  C.  LITTLE  247 
ber of litters which each type has, that they are similar.  The numbers 
available are not sufficiently large to determine whether the slight but 
consistent inferiority of the yellows in each of the four criteria is or is not 
a significant physiological difference between them and non-yellows of 
the same stock. 
There remain certain matters bearing on the relative rate of maturity 
and the onset of senility which should be considered. 
In this connection marked differences begin to show between the two 
groups.  The average age of yellows at the first litter is 116 days while 
that of non-yellows is 154 days.  This is a difference of 38 days.  While 
larger numbers might well change the actual values it is extremely 
doubtful whether they would obliterate the difference between the two 
types.  Similarly the mean age at which yellows have their last litter is 
strikingly earlier than that of the non-yellows, the figures are 222 and 
271  days  respectively.  The physiological relationship of the mean 
age at first litter, mean age at last litter and, in the hybrids, mean age 
of death and mean age of incidence of mammary tumors is therefore a 
consistent one.  If in each case the value for yellows is taken as 100 
the relation to non-yellows can be compared.  When this is done it is 
seen that in every case the value for non-yellows is higher than that 
of yellows. 
There remains to be explained why the incidence of mammary tu- 
mors should be significantly less in yellows than in non-yellows.  The 
probable reason for this is to be found in the fact that in the non-yellows 
there is a longer period for the secretions of the ovary or other parts of 
the  endocrine system involved in reproductive activity to affect the 
mammary tissue of tumor-producing age than there is in the yellows. 
The work of Murray has clearly shown that  continued influence of 
ovarian secretion plays an important r61e in the occurrence of mam- 
mary tumors in the dilute brown strain of mice.  There is no reason 
to believe that the conditions described by him are not typical for all 
mice.  The need of continued irritation by tar is also recognized by 
those who use  that  substance to  induce the incidence of epithelial 
growths in mice. 
In yellow and non-yellow mice of this stock the mammary system 
is approximately equal in efficiency.  The possibility certainly exists 
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so rapidly in relation to that of the non-yellows that the period during 
which endocrine  secretions irritate  the  mammary tissue,  is,  in  the 
former, earlier in the life of the mouse and shorter in duration.  These 
two factors would contribute towards making yellow mice less apt to 
produce mammary tumors than are non-yellows. 
This explanation may serve as a  working hypothesis until further 
research on the subject is reported. 
Work is now being planned to test whether it is necessary for the 
ovary to age or whether continued stimulation from secret.ions of young 
ovaries will produce the same result.  The simpler hypothesis is that 
continued irritation of mammary tissue by any complete ovarian secre- 
tion will suffice to bring to expression any tendency to form mammary 
tumors wherever such a tendency exists. 
The Relation  of Dilute  Pigmentation  to Tumor Growth 
Since all F1 generation animals carry dilution d b as a recessive, the F, 
generation provides the first real test as to whether the presence of 
dilute pigmentation has any noticeable effect on tumor incidence. 
Table XVII shows that the percentage of mammary tumors in the 
four F, color classes is as follows: 
#~r cent 
Yellows  ...................................................  42.6 
Dilute yellows  ..............................................  25.0 
Browns ...................................................  53.8 
Dilute browns .............................................  46.3 
In both yellows and non-yellows the dilute animals show a lower inci- 
dence of mammary tumors than does the corresponding color class with 
intense pigmentation.  This may not be significant although the total 
dilutes in  showing 37.5  per cent mammary tumors depart from the 
total intense (49.2 per cent) by 3.4 times the probable error of the dif- 
ference.  At the same time the dilute animals show actually a  slight 
excess of tumors other than mammary--when compared with the in- 
tense mice (10.4 and 7.2 per cent respectively). 
The dilute yellow group which combines both the color types unfavor- 
able to mammary tumor incidence shows distinctly the lowest per- 
centage of such  tumors.  This  would be  expected if the  two  color 
types--yellow and  dilute--were independently unfavorable in  their 
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Further  investigations  and  larger  numbers  of  young  are  needed 
before any detailed conclusions as to the nature of the effect of dilution 
can be drawn. 
S~Y  AND  CONCLUSIONS 
1.  The material included in this paper consists of F1 and F2 virgin 
female mice derived from a  cross between a  strain high in mammary 
cancer incidence (dilute brown) and one relatively low in incidence of 
mammary cancer but relatively high in the incidence of various in- 
ternal tumors (yellow). 
2.  In the F1 and F~ hybrid generations the yellow animals have a 
significantly lower incidence of mammary tumors than do  the non- 
yellows.  This is the first clear case of  a  difference in  the incidence 
of spontaneous tumors in mice associated with a  color difference. 
3.  Mammary tumors  occur,  however,  significantly earlier  in  the 
yellow mice and are just as malignant as those appearing in the non- 
yellows. 
4.  The incidence of tumors other than mammary is not significantly 
different in the yellow and non-yellow hybrids.  Such tumors, however, 
occur distinctly later in life than do the mammary tumors.  This pro- 
vides additional evidence that, in mice, mammary tumors cannot be 
considered to be the same biological phenomenon as are other types of 
tumor. 
5.  A  study of the physiology of reproduction of  yellow and non- 
yellow mice within the yellow stock suggests  that  the yellows pass 
through their reproductive cycle earlier than do the non-yellows.  The 
duration of the cycle in the two forms is essentially equal.  This fact 
would satisfactorily explain the earlier incidence of mammary tumors 
in yellow mice. 
6.  The lowe~ incidence of mammary tumors in yellows as compared 
with non-yellows may be at least in part due to the same phenomenon. 
This  would follow because  the opportunity for mammary tissue  in 
yellow mice of cancer age to be continuously affected by ovarian secre- 
tion would be less than in non-yellows.  This would result in a higher 
percentage of yellows reaching an age at which stimuli from the ovary 
ceased before the mammary tissue had reached an age at which tumor 
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7.  There is some evidence that, in this cross, dilute (dbd b) mice are 
less apt to form mammary tumors than are intensely pigmented ani- 
mals.  This point, however, needs further investigation before it can 
be considered to be  established. 
8.  The facts recorded in this paper  demonstrate that not all forms 
of tumor or all colors of mice can be lumped together in studying either 
the physiology or genetics of spontaneous tumor incidence. 
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